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We are all different! 

The human genome is ~3 x 109 base pairs of DNA 
=> no two humans ever have been or will be genetically identical 
 
Between any two humans, the amount of genetic variation is ~ 0.1%  
 
~ one base pair out of every 1,000 will be different between any two 
individuals  
 
 
 
Any two (diploid) people have  
about 6 x 106 base pairs that  
are different! 



Genetic variation 

• Single nucleotide polymorphisms (SNP) 

• Insertions/deletions 

• Copy number variations (large: >1kb)  

• Variable (short) number tandem repeats 



SNPs   

SNPs (single nucleotide polymorphism) are the most 
common type of genetic variation between people 
 
SNP is a one nucleotide difference in DNA 
sequence occurring in at least 1 % of the  
population 
 
There is ~ 10 - 30 million SNPs in the  
human genome 
 
SNPs occur every 100-300 bases along  
the 3-billion-base human genome 
 
 
 
 
 
 
 
 



HapMap project 

-  haplotype map (HapMap) of the human genome 
-  - describes common patterns of human genetic variation 



European genetic map 

European Journal of Human Genetics (2008) 16, 1413–1429; doi:10.1038/ejhg.2008.210 

6,000 individuals from 13 populations 
~ 300,000 SNPs 

PCA 



SNP information 

-  rs number 
-  location (chr:position) 



SNP consequence 

Coding SNPs: 
 
-  non-synonymous coding (missense) 

– change of an amino acid 
-  synonymous coding (silent 

mutation) – no change in protein 
sequence 

-  stop codon (nonsense) -  premature 
stop codon 

-  frame-shift coding – insertion/
deletion resulting in frame shift 

 
 
 
 

Non-coding SNPs: 
 
Mostly non-functional, but may affect:  
-  regulatory region 
-  splice site 
-  transcription factor binding 
-  messenger RNA degradation 
-  sequence of non-coding RNA 

 



SNPs and mutations 

Mutations are differences in DNA sequence in an individual that 
are rare, and may be unique to the individual (or their family 

line). 
 

Polymorphisms are differences in DNA sequence that are found 
in many individuals, at a specified frequency (usually 1% or 

greater of a population) 
 

Polymorphisms start as mutations, but if they become “fixed” in 
the population, and achieve sufficient frequency, they become 

polymorphisms. 



SNP and genotype 

Human are diploid (we have 2 homologous copies of each 
chromosome) 
 
At each SNP there are 3 possible genotypes: 
-  homozygous reference  
-  heterozygous 
-  homozygous non-reference 

Homozygous = 2 identical alleles at given locus, eg. AA 
Heterozygous = 2 different alleles at given locus, eg. AC 



Phenotype 

Phenotype = organism’s observable characteristic or trait  

eye color 

height 

obesity 

An organism's genotype is a major influencing factor in the development of its 
phenotype 



Genotype => phenotype 



SNPedia 



Association studies 

 
Test whether allele frequency of a SNP is significantly 

different between the two groups   



GWAS results = p-values 

Manhattan plot displays all SNPs on x-axis (ordered by genomic location), and  
–log10 of their p-values on y-axis   



Published Genome-Wide Associations through 06/2011, 
1,449 published GWA at p≤5x10-8 for 237 traits 

NHGRI GWA Catalog 
www.genome.gov/GWAStudies 




